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Abstract 
Research investigating the influence of passenger car equivalents for motorcycle (PceMC) value on 4/2D road has been carried out 
in order to find the correction value of PceMC and investigate its impact on the road performance in developing countries. This 
research is carried out on Teuku Umar Street, one of 4/2D road in Bandar Lampung City - Indonesia. Standard calculation used 
in this research is Indonesian Highway Capacity Manual (IHCM). Primary data used in the analysis is the data derived from field 
survey of traffic counting, spot speed, and space mean speed. The value of PceMC is determined based on the assumption of the 
ratio of road space utilization by motor cycle.The correction value of PceMC is calculated using trial and error method in order to 
find the minimum difference between light vehicle speed value (DVLV) from graph analysis and the one from spot speed survey 
data. Research indicates that the correction value of PceMC for Teuku Umar Street is 0.323. The value of DVLV on PceMC standard 
of 0.25 is 3.29 km per hour, while the one on corrected PceMC of 0.323 is 0.007 km per hour. The average spot speed is found as 
38.80 km per hour. Research also indicates an over estimation on the road performance of Teuku Umar Street if PceMC standar of 
0.25 is used as basic of calculation. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Bandar Lampung, the capital city of Lampung Province is quite rapid recent development. It is characterized by 
the increasing number of people on average per year to reach 0.17% and the number of vehicles that operate on the 
road. As the problems experienced by most cities in Indonesia, Bandar Lampung also have experienced increasing 
problems of delay in most of the existing road network.  
This condition is getting worse due to low public transport services so that people tend to leave the public 
transport services. people tend to prefer to use private vehicles for reasons of faster and prestige factor. 
Putra, S. (2007) states between the years 2006 to 2007 an increasing number of motorcycles and private cars that 
run on the road network in  Bandar Lampung city, in a row by an average of 6.96% for motorcycles and 1.60% for 
cars personal. This was due to lower load factor for public transportation in the city of Bandar Lampung average of 
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Table 1. The growth of vehicles in Lampung Province 
 
Vehicles type Years 2002 2003 2004 2005 2006 
Passenger car 23224 24825 27334 30440 32726 
Freight cars  17224 18454 20451 22153 23728 
Bus 1512 1563 1639 1684 1692 
Motor cycle 79929 95579 122832 159360 195352 
Total 121889 140441 172256 213997 253498 
       source: Ditlantas POLDA Lampung, 2006 
 
In traffic planning, the assumptions used planner is based on the applicable standard in a region. In fact, the 
condition of traffic flow on roads is much influenced by the condition of the driver and vehicle, or the interaction 
between the two factors. Undisciplined behavior on the road is a phenomenon that can cause nuisance to other road 
users and road performance degradation. Putri, CMP and Sasana P. (2007) indicates a difference between the 
instantaneous speed calculation results with the results of a survey on some main roads in the city of Bandar 
Lampung. 
The performance of a road section is usually measured by the quality of traffic movement along the route, which 
is based on the parameters of the degree of saturation (DS), flow (Q) and speed (V). These parameters are 
interrelated, and heavily influenced by traffic conditions, environment and time.  
In addition, road performance also can be seen from the level of traffic the system effectiveness and efficiency of 
the current level of operations. Rate the effectiveness of the traffic system is usually measured from the time mean 
speed and speed-time spot. The efficiency rate of flow measured by the space mean speed.  
As stipulated in the standard Indonesian Highway Capacity Manual (2007), the effect of motorcycle weighed 
against the value of passenger car equivalents (PceMC) of 0.25 - 0.40, calculated with the ratio of the use of road 
space is small, and also the geometry and the flow of oncoming traffic. PceMC value above is based on the 
assumption of a motorcycle running in an orderly manner on track, so the ratio of the use of road space can be 
considered a small motorcycle. If the motorcycle run in zig-zag, then the likelihood ratio is the use of motorcycle 
road space will be larger. As known in most developing countries, there is no separation between vehicle lane with a 
motorcycle passenger. 
 
Table 2.  Pce for urban road divided and 1-direction 
 
Road type Traffic low per lane ( veh/hour) 
Pce 
Heavy Vehicle Motor Cycle 
2-lane 1-direction (2/1) 0 1,3 0,40 
4-lane 2-direction divided (4/2 D) 1050 1,2 0,25 
3-lane 1-direction (3/1) 0 1,3 0,40 
6-lane 2-direction divided (6/2D) 1100 1,2 0,25 
        source: Indonesian Highway Capacity Manual (IHCM),1997 
 
This condition, caused the idea to look for motorcycles influence on the level of congestion that occurs on the 
road. 
2. Methodology 
The research is intended to obtain a correction value PceMC and find out its effect on performance on the road 
4/2D. Material for analysis is derived from primary data taken on the road Teuku Umar in Bandar Lampung. These 
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data are: the condition of the road geometry, road conditions, the volume of daily traffic, spot speed, and space mean 
speed. Traffic counting survey, conducted in conjunction with spot speed survey and the car moving observer, i.e in 
the period of peak hours on weekdays. 
Based on data from the environmental conditions, road geometry and traffic volume will be calculated free flow 
speed (FVLV), capacity (C) and degree of saturation (DS). In this case, the calculation of degree of saturation based 
on the ratio between the volume of traffic flow with a capacity (Q/C) on the road Teuku Umar. Period calculations 
performed per five minutes.  
Light vehicle speed (VLV) is determined based on the graphic standard of urban roads (IHCM, 1997) as shown on 
Fig. 1 below. VLV speed obtained based on the graph is then compared with the spot speed survey results. PceMC 
correction value will be determined based on the difference between speed and spot speed that is close to zero 
(DVLV = 0). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Speed as a function of the DS for many-lane roads and one-way. 
 
The effect PceMC will be calculated from the value of the DS based on standard PceMC (IHCM, 1997) with a value 
of DS based on PceMC correction.  
3. Results 
Traffic flow is a combination of several classes and pedestrians who move to follow the same trajectory. Traffic 
flow parameters are determined by the ability of drivers and pedestrians to anticipate other road users, vehicle 
characteristics, geometric design of roads, including road surface condition. Interaction between the vehicle with the 
driver, and also with other vehicles, is a phenomenon of a very complex process. 
Khisty (1998) mentions that there are three approaches to understand and calculate traffic flow, the approach of 
macroscopic, microscopic and human factors. Macroscopic approach is to look at traffic flow as a whole, based on 
many physical analogies such as heat flow and normal fluid flow and appreciated for the study of the phenomenon 
remains current. The approach is to consider the response mikrokopik principally of each vehicle as something 
separate or distinct characteristics. The combination of the characteristics of the driver - vehicle as an example the 
case here, very influential on the maneuver / movement of vehicles on the road. This approach is widely used in 
security work on the road. 
Human factors approach, which basically depends on how the driver and his vehicle mensikapi another vehicle 
and environmental conditions on the road as a system. Drew (1968) in Khisty  (1998) states that there is a very close 
relationship between the microscopic approach with the human factor. 
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The survey results of traffic flow volume (Q) is as shown in Table 3. As the established standards of urban roads 
in IHCM (1997), then to 4/2D road type with a greater volume of 1050 vehicles per hour (IHCM, 1997) taken Pce 
value is 1.2 for heavy vehicles (HV) and 0.25 for motorcycles (MC). 
  
Table 3. Traffic volume at peak hour periods direction Rajabasa - Tanjung Karang (Pce/hour) 
 
Period Time Direction 
Light vehicles Heavy vehicles Motor cycles Traffic flow (Q) 
 total LV 1.0 HV 1.2 MC 0.25 
Veh/hour Pce/hour Veh/hour Pce/hour Veh/hour Pce/hour Veh/hour Pce/hour 
06.30 – 06.35 1 1694 1694 70 84.00 2828 707.00 4592 2485 
06.35 – 06.40 1 1540 1540 56 67.20 2716 679.00 4312 2286 
06.40 – 06.45 1 2058 2058 42 50.40 3612 903.00 5712 3011 
06.45 – 06.50 1 1470 1470 56 67.20 3892 973.00 5418 2510 
06.50 – 06.55 1 1736 1736 98 117.60 3052 763.00 4886 2617 
06.55 – 07.00 1 1778 1778 42 50.40 3654 913.50 5474 2742 
          
12.00 – 12.05 1 1470 1470 28 33.60 3234 808.50 4732 2313 
12.05 – 12.10 1 1400 1400 42 50.40 2604 651.00 4046 2101 
12.10 – 12.15 1 1484 1484 28 33.60 2632 658.00 4144 2176 
12.15 – 12.20 1 1792 1792 84 100.80 2674 668.50 4550 2561 
12.20 – 12.25 1 1904 1904 70 84.00 2786 696.50 4760 2685 
12.25 – 13.30 1 1764 1764 42 50.40 2744 686.00 4550 2500 
          
16.00 – 16.05 1 1624 1624 28 33.60 2870 717.50 4522 2375 
16.05 – 16.10 1 1624 1624 14 16.80 2772 693.00 4410 2334 
16.10 – 16.15 1 1722 1722 14 16.80 2982 745.50 4718 2484 
16.15 – 16.20 1 1484 1484 0 0.00 2380 595.00 3864 2079 
16.20 – 16.25 1 1288 1288 14 16.80 2478 619.50 3780 1924 
16.25 – 16.30 1 1344 1344 28 33.40 2450 612.50 3822 1990 
 
 
Table 3 above shows that the largest volume of traffic flow for the three periods of peak hours i.e morning, 
afternoon and evening, on the Teuku Umar street direction Rajabasa towards Tanjung Karang, occurred during the 
morning peak hour. This condition is possible because the period of the morning is the time when the same time 
people started leaving for work places, which are mostly located in Tanjung Karang to Teluk Betung area.  
To determine the effect of environment on a road section, calculated from the frequency of occurrence of side 
friction weight calculated by multiplying the number of activities with a weighting factor of each group of activities. 
Type of road side activities are grouped into four, namely: the pedestrian who is a person who uses the road, vehicle 
parking / stop such as public transport or private vehicle that stopped on the road, vehicles such as vehicles enter and 
exit into and out of the land beside the road , and slow vehicles like rickshaws, horse-drawn carriage, wagon and 
others. 
Based on the survey side of the street activity has been carried out for an hour which is at 06.30 to 07.30 obtained 
intensity volume of each group of activities in the Teuku Umar street, as shown in Table 4 below: 
 
Table 4. Volume activities on road side of Teuku Umar street (per hour along 200 meter) 
 
Type of occurrence 
of side friction 
Weight 
factor Frequency of occurrence Weight frequency 
Pedestrian 0.5 338 per hour, 200 m 169 
Parking,  and stopping vehicles 1.0 273 per hour, 200 m 273 
Vehicles entering and leaving roadside 0.7 305 per hour, 200 m 214 
Unmotorised vehicles 0.4 38 per hour, 200 m 15 
Total    671 
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Total weight of the frequency occurrence of side friction on the road Teuku Umar at 671, thus Teuku Umar roads 
can be grouped in a class of high side friction. 
Capacity defined as the maximum traffic flow which has the possibility that enough to pass through a road 
section (in one or two directions) within a specified time period and under conditions of certain roads and traffic. 
IHCM (1997), defined capacity as the maximum current through a point on the road that can be maintained per unit 
of hours in certain circumstances. Some of the conditions in question is the basic capacity, line width, side friction, 
and the size of the city. 
Basic equation for determining the capacity of a road section (IHCM, 1997) are: 
 
 cssfspw FCFCFCFCCC uuuu 0  (1) 
 
where C is the capacity (Pce/hour), C0 is the basic capacity (Pce/hour), FCw is the road width adjustment factor, is 
the adjustment factor separator FCsp direction (only for undivided roads), FCsf is the adjustment factor and the 
shoulder of the road side barriers / kereb, and FCcs is a certain city the size adjustment factor. 
Based on various considerations that exist, then the amount of road capacity Teuku Umar was the 2947 Pce per 
hour, as shown in Table 5 as follows: 
 
Table 5. Road capacity of Teuku Umar street 
 
Direction 
Basic capapcity 
(C0) 
Pce/hour 
Capacity adjustment factor Capapcity 
(C) 
Pce/hour 
Lane width 
(FCw) 
Separator 
direction 
(Fcsp)  
Side friction 
(FCsf) 
City size 
(FCcs) 
Table C-1:1 Table C-2:1 Table C-3:1 Table C-4:1or 2 Table C-5:1  
1 3300 1 1 0.95 0.94 2947 
 
Degree of saturation (DS) is the number of vehicles that are on a long path or road movement within a certain 
time. Based on this, then IHCM (1997) defines the degree of saturation as the ratio between the volume of traffic 
flow (Q) with the capacity (C) of a road section. 
 
 
C
Q
DS   (2) 
 
The result of the calculation of the degree of saturation at the link Teuku Umar presented in Table-6 following: 
 
Table 6. Degree of saturation of Teuku Umar street at various paek hour 
 
Period Time 
Traffic flow 
(Q) 
Pce/hour 
Capacity 
(C) 
Pce/hour 
Degree of 
saturation 
(DS) 
06.30 - 06.35 2485 2947 0.84 
06.35 - 06.40 2286 2947 0.78 
06.40 - 06.45 3011 2947 1.02 
06.45 - 06.50 2510 2947 0.85 
06.50 - 06.55 2617 2947 0.89 
06.55 - 07.00 2742 2947 0.93 
12.00 -12.05 2312 2947 0.78 
12.05 - 12.10 2101 2947 0.71 
12.10 - 12.15 2176 2947 0.74 
Sasana Putra / Procedia Social and Behavioral Sciences 16 (2011) 400–408 405
12.15 - 12.20 2561 2947 0.87 
12.20 - 12.25 2685 2947 0.91 
12.25 - 12.30 2500 2947 0.85 
16.00 - 16.05 2375 2947 0.81 
16.05 - 16.10 2334 2947 0.79 
16.10 - 16.15 2484 2947 0.84 
16.15 - 16.20 2079 2947 0.71 
16.20 - 16.25 1924 2947 0.65 
16.25 - 16.30 1990 2947 0.68 
 
Speed is the distance that can be a vehicle on a road section per unit time. The unit commonly used is kilometers 
per hour (km/hour) or meters per second (m/sec). IHCM (1997) using light vehicle speed (VLV) as the primary 
measure of performance segment of the road because it is easy to understand and measure, and is an important input 
for the cost of road users in the economic analysis. 
The purpose of the speed of light vehicles (VLV) survey is to obtain the characteristic speed at that location, traffic 
conditions and the particular environment. In this study the measurement of light vehicles to use two approaches 
through analysis calculations and graphs that have been specified in the standard urban road traffic planning (IHCM, 
1997), as well as direct field measurements using a spot speed survey.  
IHCM (1997) mentions that the speed of light vehicles (VLV) is affected by the pattern of relationship value of the 
degree of saturation (DS) and the value of free flow speed (FVLV), as shown in Fig. 1 in the previous chapter.  
Free flow speed (FVLV) is defined as the speed at the current level equal to zero, ie the speed to be selected 
driver when driving a motor vehicle without being influenced by other vehicles on the road (IHCM, 1997). 
Basic equation for determining the free flow speed on a road section (IHCM, 1997) are: 
 
   cssfwLV FFVFFVFVFVFV uu 0  (3) 
 
where is the free flow speed FVLV light vehicles in field conditions (km/hour), FV0 is free flow speed of light 
vehicles on the road base was observed, FVw is the adjustment speed for the road width (km/hour), FFVsf is an 
adjustment factor for side friction and shoulder width, and FFVcs is an adjustment factor for city size. 
Free flow speed of calculation results (FVLV) Teuku Umar on the road is at 54 km per hour as shown in Table-7 
following: 
 
Table 7. Free Flow Speed  of light vehicle (FVLV) of Teuku Umar street 
 
Direction 
Base free 
flow speed 
FVO 
km/hour 
Adjustment 
factor for 
lane width 
FVW 
km/hour 
FV o + FVW 
km/hour 
Adjustment factor 
Free flow speed 
FVLV 
km/hour 
Side friction 
FFVsf 
City size 
FFVcs 
Table B-1:1 Table B-1:2  Table B-3:1or 2 Table B-4:1  
1 57 0 57 0.99 0.95 54 
 
Since there is no graph for FVLV value equal to 54 km per hour, for that is modified by means of interpolation 
VLV each value on each value of density (DS) on the hose FVLV 50 to 60 km per hour as shown in Figure 2 below. 
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Fig. 2 Interpretation graph of  speed as a function of the DS for many-lane roads and one-way 
 
Based on Table 6, Table 7, and Fig. 2 above, then the obtained value of the average speed of light vehicles (VLV) 
at an observation point. 
Spot speed is the observation of the travel speed of vehicles on the spot or on a specific street location. 
Instantaneous speed survey method (spot speed) was recorded average travel time (seconds) a few samples light 
vehicles at a certain distance (100 meters) at a particular location. Speed values obtained from the ratio of the 
distance  (Dd) with an average travel time  (Dt). 
Basic equation for determining the spot speed on a road section is: 
 
 
t
d
V '
'  (4) 
 
where V is the spot speed, Dd is the length of the segment, and Dt is the time required to pass through certain 
road segment. 
The pattern of the relationship between traffic flow variables are: volume of traffic flow (Q), speed (V) and 
degree of saturation (DS) can be explained from the calculation charts and surveys as presented in Table 8 below. 
 
Table 8. Free Flow Speed  of light vehicle (FVLV) of Teuku Umar street 
 
Period time 
Traffic flow 
Q 
Pce/hour 
Degree of 
saturation 
DS 
Average speed of 
light vehicle 
VLV  by graph FVLV 
km/hour 
Average speed of 
light vehicle 
VLV  by spot speed survey 
km/hour 
06.30 - 06.35 2485 0.84 42.27 38.63 
06.35 - 06.40 2286 0.78 43.95 37.76 
06.40 - 06.45 3011 1.02 29.40 36.09 
06.45 - 06.50 2510 0.85 41.94 38.40 
06.50 - 06.55 2617 0.89 40.07 38.86 
06.55 - 07.00 2742 0.93 36.95 38.17 
     
12.00 -12.05 2312 0.78 43.74 39.24 
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12.05 - 12.10 2101 0.71 45.39 39.42 
12.10 - 12.15 2176 0.74 44.82 38.85 
12.15 - 12.20 2561 0.87 41.13 38.13 
12.20 - 12.25 2685 0.91 38.50 37.98 
12.25 - 12.30 2500 0.85 42.07 40.03 
     
16.00 - 16.05 2375 0.81 43.27 37.82 
16.05 - 16.10 2334 0.79 43.56 43.11 
16.10 - 16.15 2484 0.84 42.28 34.61 
16.15 - 16.20 2079 0.71 45.55 44.38 
16.20 - 16.25 1924 0.65 46.66 37.67 
16.25 - 16.30 1990 0.68 46.20 39.32 
 
Table 8 above shows that due to the increasing traffic volume (Q), which through the density or also known as 
the degree of saturation (DS) will further increase as well, instead of passing the speed of light vehicles could 
decrease both based on the analysis chart (VLV) and the survey results spot speed on the field. 
Also shown that the speed is happening on the field is smaller compared with the results graph. This difference 
might be due to field conditions, especially in traffic behavior motorcycle users greatly affects the speed of light 
vehicle-user who is always cautious. This situation shows a lack of conformity with the reality of existing standards. 
Results of research has been done as shown in table 4-9 above, shows the phenomenon of incompatibility or 
over-estimate the performance of the street. Prediction results of calculations based on standard IHCM (1997) 
showed that the speed of light vehicles as one of the parameters of road performance is greater than the reality on 
the ground. The average difference in speed that occur during periods of rush hour morning, afternoon and evening 
is at 3.29 km/hour, of course this needs further verification. 
In the Indonesian Highway Capacity Manual default provisions that may need to be adjusted at this time is the 
motorcycle equivalent of the passenger car. As it is known that the assumptions determining the value of passenger 
car equivalents are based on the consideration of the use of road space ratio of the level of vehicle occupancy. It is 
implicit in the definition of passenger car equivalents in IHCM (1997) as follows: 
 
“passenger car equivalent is a factor that shows the various types of vehicles than light vehicles in connection 
with the impact on the speed of light vehicles in the traffic flow (for passenger cars and light vehicle chassis is 
similar, Pce = 1.0)” 
 
Besides, the behavior of riders is also assumed in the regular and orderly condition. Reality on the ground the 
rider applies not orderly and irregular, thus breaking the basic assumption that there is. Moving motorcycle riders 
especially not on a separate row, so it can move wherever she likes. As a result the ratio of the use of road space that 
a small change should be larger. This condition will directly affect tehadap the interference of the other vehicle. 
The result of calculation by iteration PceMC influence on light vehicle speed difference (DVLV) on the condition 
of free flow speed (FVLV) on Teuku Umar road by 54 km per hour are shown in Table 9 below. 
 
Table 9. The average speed of light vehicle (VLV) on various PceMC 
 
No PceMC (trial-error) VLV prediksi/grafik VLV survey D VLV 
1 0.25 42.09820 38.80408 3.29411 
2 0.322 38.86174 38.80408 0.05765 
3 0.3225 38.83638 38.80408 0.03229 
4 0.323 38.81092 38.80408 0.00684 
5 0.3235 38.78538 38.80408 -0.01871 
6 0.324 38.75974 38.80408 -0.04434 
7 0.3245 38.73401 38.80408 -0.07008 
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8 0.325 38.73401 38.80408 -0.07008 
9 0.3255 38.73401 38.80408 -0.07008 
10 0.326 38.73401 38.80408 -0.07008 
11 0.3265 38.73401 38.80408 -0.07008 
12 0.327 38.73401 38.80408 -0.07008 
 
Table 9 above shows that the smallest difference in average vehicle speed of light based on the count of graphics 
compared to the reality on the ground, will be obtained at trial-error PceMC value of 0323 on the condition of road 4 / 
2 D with traffic volumes greater than 1050 vehicles per hour. 
The effect of PceMC value to the performance of roads are shown in Table 10, where the greater the value of trial-
error PceMC the traffic flow (Q) and density (DS) is happening is even greater. On the other hand the greater the 
value of trial-error PceMC the speed of light vehicles (VLV), which occurs will be smaller. 
 
Table 10. The effect of PceMC correction on the performance of urban road 
 
No PceMC (trial-error) Qaverage DSaverage VLV prediksi/grafik 
average 
VLV survey 
average 
D VLV 
average 
1 0.25 2398.51111 0.81391 42.09820 38.80408 3.29411 
2 0.322 2607.95111 0.88498 38.86174 38.80408 0.05765 
3 0.3225 2609.40556 0.88547 38.83638 38.80408 0.03229 
4 0.323 2610.86000 0.88597 38.81092 38.80408 0.00684 
5 0.3235 2612.31444 0.88646 38.78538 38.80408 -0.01871 
6 0.324 2613.76889 0.88696 38.75974 38.80408 -0.04434 
7 0.3245 2615.22333 0.88745 38.73401 38.80408 -0.07008 
8 0.325 2615.22333 0.88745 38.73401 38.80408 -0.07008 
9 0.3255 2615.22333 0.88745 38.73401 38.80408 -0.07008 
10 0.326 2615.22333 0.88745 38.73401 38.80408 -0.07008 
11 0.3265 2615.22333 0.88745 38.73401 38.80408 -0.07008 
12 0.327 2615.22333 0.88745 38.73401 38.80408 -0.07008 
 
Also shown that the addition of PceMC Teuku Umar on the road to reach the optimum value of 0.3245, in the 
sense of how much of any value adjustments made where larger PceMC 0.3245 then it has no impact on the 
performance of road.  
4. Conclusion 
Based on research that has been done, there should be a correction to the value of PceMC as defined in the 
standard of 0.25 IHCM into 0.323 especially for the road 4 / 2 D with greater traffic volume in 1050 vehicles per 
hour. 
 The effect of PceMC value to the performance of roads is the greater value PceMC greater traffic flow (Q), the 
degree of saturation (DS) and the smaller the speed of light vehicles (VLV).  
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